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(54) PRODUCTION DEVICE AND iVIETHOD FOR OPTICAL FIBER 

(57) A drawing apparatus 1 comprises a drawing 
furnace 11 . a heating fumace 21 , and a resin curing sec- 
tion 31. An optical fiber 3 drawn upon heating in the 
drawing fumace 11 Is sent to a heating furnace 21, 
where a predetemnined part of the optical fiber 3 Is an- 
nealed at a predetenmined cooling rate. The tempera- 
ture of a heater 22 of the heating furnace 21 at the fur- 
nace center is set to a temperature within the range from 
1 200 to 1 600*»C. Thereafter, the optical fiber 3 is coated 
with a UV resin liquid 52 by a coating die 51 , and the UV 
resin 52 is cured in the resin curing section 31 , so as to 
yield a coated optical fiber 4. 
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Description 
Technical Field 

rooOl] The present invention re.atesto an apparatus andmethod for making an optica, fiber whose transmission ioss 
is reduced by iowering Rayieigh scattering intensity. 

Background Art 

Disclosure of the Invention 

- « ,0, protean, ?itcl,S T^^^^T^'^^''^'^ 

[0OO4] In .lew Pi*. aMve-mpr..,on.=l pp.n.s « ,s °' 'J^ ^^'"^ I, .ppMBis and ma.hpd 

sss;r;r^=-r»i;p,=^^^ 

l^, Th. invenlo- Pa...d pp. d»gan, f^^^^^^,^^:^ "w^* ^ .iS" 

^^^^ 

=arrn.rn:r=rp£f3=~s^^ 

aiure Is slowly cooled, the atoms within a temperature '^"9^;.'^'^^'^^ level of t^sorder of the atoms 

being arranged w.h the level of disorder --^^^"^^.^^^t^^^^^^ raboSo'C) at which the stmctural re- 
within the glass attains the state arrang^ent is fixed upon cooling 

taxation proceeds. If glass at a ^'9^^' '^'^^^'^^'^ ^ l^^^J^^^:^^^^ 

^rpifjr:L«r.=sr.^^r3»n^^ 

which is supposed to be a reason why Rayieigh scattering intensity ^S^^^J.^^^^^.^p.^t^.^i^ lower, whereby 
100071 oSLotherhand.thetlmerequiredforstructuraire.axa.^^^^^^^ 

he structural relaxation does not occur at a temperature of about 1 200 C ""'^^^^^^J'JP ^ ^^ ^^out 400-C 

tens Of hours, for example. Since the optical fiber ^^'anneara L e^^^^^^^ ^^"^^^ 

Utei the relationship between the ^-""9 (about ISOO-C) 

temperature was within the range from 1 200 to 1 700 C. which was "'9"^" ^ stmctural relax- 

at which the above-mentioned s^uctura^^^^^^^^ 

ation proceeded with.n a very short period of ^"^^'^^Jtl^^r^^^^^^ a part of optical fiber where the temperature is 

^irrra^ia-S^aS^r^^^^^ 
biquadrate of wavelength (X) as shown in the following expression (1): 
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I^AiX^ (1) 
where coefficient A is defined as Rayleigh scattering coefficient. 

[0009] From these results, it has been found that, if the cooling rate in a predetermined segnnent in an optical fiber 
drawn upon heating before being coated with a resin, In particular in a part of optical fiber where the temperature is 
1 200 to 1 700*'C. is lowered, then the Rayleigh scattering intensity of optical fiber is reduced, whereby the transmission 
loss can be lowered. 

[0010] In view of such results of studies, for achieving the above-mentioned object, the present invention provides 
an apparatus for making an optical fiber for drawing an optical fiber preform upon heating and coating thus drawn 
optical fiber with a resin; the apparatus comprising a heating furnace, disposed between a drawing furnace for drawing 
the optical fiber preform upon heating and a resin coating section for coating the drawn optical fiber with the resin, for 
heating the drawn optical fiber such that the optical fiber attains a temperature within the range from 1200 to 1700»C, 
the heating f umace having a muffle tube through which the drawn optical fiber passes, the muffle tube being disposed 
at a position satisfying: 

L1^0.2XV/ 

where 

L1 Is the distance (m) from the lower end of a heateir in the'drawing furnace to the upper end of the muffle tube; 

and 

V is the drawing rate (m/s). 

[0011] Since the heating furnace for heating the drawn optica! fiber such that the optical fiber attains a temperature 
within the range from 1200 to 1700*C is disposed between the drawing furnace and resin coating section, the cooling 
rate is lowered in a predetennlned segment of the part of optical fiber where the temperature Is 1200 to 1 706*'C in the 
optical fiber drawn upon heating before being coated with the resin, whereby thls part is annealed. Therefore, the 
optical fiber lowers its f ictive temperature, whereby it becomes possible to make an optical fiber having decreased its 
transmission loss by reducing its Rayleigh scattering intensity during a period from the drawing upon heating to the 
resin coating. Also, since the Rayleigh scattering intensity is reduced by controlling the cooling rate of optical fiber after 
drawing before being coated with a resin, the heat treatment for reheating such as that in the above-mentioned prior 
art is unnecessary, whereby the apparatus is quite easily applicable to the mass production of optical fiber whose 
surfaces are coated with a resin. 

[0012] In the case where the drawing rate is higher, the position where the drawn optical fiber attains a given tem- 
perature shifts toward the resin coating section as compared with that in the case where the drawing rate is lower. 
Therefore. If the muffle tube Is located at a position satisfying 

L1<0.2XV^. 

then it can be placed at an appropriate position corresponding to the level of drawing rate, whereby the cooling rate 
of optical fiber can be lowered appropriately. 

[001 3] In the apparatus for making an optical fiber in accordance with the present invention, the heating furnace may 
heat the drawn optical fiber at a temperature within the range from 1200 to 1 600*C. 

[001 4] When the heating furnace heats the drawn optical fiber at a temperature with in the range from 1 200 to 1 600'C, 
the cooling rate of the optical fiber lowers in a predetermined segment in the part of optical fiber where the temperature 
is 1200 to 1700*'C. so that the fictive temperature of the optical fiber decreases, whereby the Rayleigh scattering 
temperature can further be reduced. Here, the temperature of heating fumace Is that near the furnace center. For 
example, the temperature of heater Is set to about 1700**C In order for the temperature near the fumace center to 
become about 1600**C. 

[001 5] In the apparatus for making an optical fiber in accordance with the present Invention, the muffle tube may be 
disposed at a position where the drawn optical fiber attains a temperature within the range from 1400 to 1 800*C when 
entering the muffle tube. 

[0016] If the muffle tube is disposed at a position where the drawn optical fiber attains a temperature within the range 
from 1400 to 1800*»C when entering the muffle tube, then it is placed at an appropriate position corresponding to the 
level of drawing rate, whereby the cooling rate of optical fiber can be lowered appropriately 

[0017J In the apparatus for making an optical fiber in accordance with the present invention, the muffle tube may be 
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formed so as to satisfy: 

L2^V/8 

5 

where 

L2 is the. total length (m) of the muffle tube; and 
V is the drawing rate (m/s). 

When the total length L2 of the muffle tube satisfies 

10 

L2>V78, 

It can be set to an appropriate length corresponding to the level of drawing rate, whereby the cooling rate of the optical 
15 fiber can be lowered appropriately. 

[001 8] In the apparatus for making an optical fiber in accordance with the present invention, the heating fumace may 
be provided with such a temperature gradient that the drawing furnace side and the resin coating section side attain 
higher and lower temperatures, respectively. 

[0019] The optical fiber drawn upon heating has such a temperature distribution that the temperature decreases from 
20 the drawing furnace side to the resin coating section side. Therefore, when the heating fumace is provided with such 
a temperature gradient that the drawing fumace side and the resin coating section side attain higher and lower tem- 
peratures: respectively, the heating furnace exhibits a temperature distribution corresponding to the optical fiber having 
the temperature distributionmentioned above, whereby the optical fiber can be cooled at a more appropriate cooling 
rate. 

25 [0020] In view of the above-mentioned results of studies, for achieving the above-mentioned object, the present 
invention provides a method of making an optical fiber comprising the steps of drawing an optical fiber preform upon 
heating and coating thus drawn optical fiber with a resin; wherein a segment of optical fiber yielding a temperature 
difference of at least SO^'C In a part where the optical fiber before being coated with the resjn attains a temperature of 
1300 to 1700**C is copied at a cooling rate of 1000°C/s or lower. 

30 [0021] When the cooling rate in the segment of optical fiber yielding a temperature difference of at least 50**C in a 
part where the optical fiber before being coated with the resin attains a temperature of 1 300 to 1 700''C is set to 1 0OO'^C/ 
s or lower, the f ictive temperature of optical fiber lowers, so that the disorder in atomic arrangement Is reduced, whereby 
it is possible to make an optical fiber having lowered its transmission loss by reducing the Rayleigh scattering intensity 
within a very short period from the drawing upon heating to the resin coating. Also, since the Rayleigh scattering 

35 intensity is reduced by controlling the cooling rate of optical fiber after drawing before being coated with a resin, the 
heat treatment for reheating such as that in the above-mentioned prior art is unnecessary, whereby the method is quite 
easily applicable to the mass production of optical fiber whose surfaces are coated with a resin. 
[0022] The method of making an optical fiber in accordance with the present invention may use, as the optical fiber 
preform, an optical fiber prefomn having a core portion exhibiting a relative refractive Index difference of 0.001 or less 

40 With respect to pure silica glass in a state containing a dopant, and draw the optical fiber prefomri upon heating. 

[0023] Since the core portion is made of substantially pure silica glass exhibiting a relative refractive index difference 
of 0.001 or less with respect to pure silica glass in a state containing a dopant, the optical fiber further lowers its fictlve 
temperature, whereby it Is possible to further lower the Rayleigh scattering intensity. Here, pure silica glass in each 
claim refers to silica glass containing no dopant, whereas the relative refractive index difference Is defined by the 

45 following expression (2): 

relative refractive index difference = Inl - refractive index 
^ of object to be compared l/nl (2) 

where n1 is the refractive index of pure silica glass.- 

[0024] * The method of making an optical fiber in accordance with the present invention may use, as the optical fiber 
preform, an optical fib erpreform whose core portion is caused to contain hydroxyl group so as to yield a transmission 
55 loss of 0.02 to 0.5 dB/km due to hydroxyl group absorption at a wavelength of 1 .38 jim, and draw the optical fiber 
prefonT) upon heating. 

[0025] When hydroxyl group is contained such that the transmission loss caused by hydroxyl group absorption at a 
wavelength of 1 .38 mjti becomes at least 0.02 dB/km, the optical fiber further lowers its fictlve temperature, whereby 
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the Rayleigh scattering intensity can further be reduced. When hydroxyl group is contained such that the transmission 
loss is greater than 0.5 dB/km, on the other hand, the loss increases due to the absorption by hydroxyl group, which 
cancels out the effect of reducing Rayleigh scattering intensity caused by the addition of hydroxyl group, whereby the 
transmission loss as a whole increases. Therefore, when the core portion is caused to contain hydroxyl group so as 

5 to yield a transmission loss of 0.02 to 0.5 dB/km due to hydroxyl group absorption at a wavelength of 1.38 ^im, the 
optical fiber further lowers its fictive temperature, whereby the Rayleigh scattering intensity can further be reduced. 
[0026] The method of making an optical ftoer In accordance with the present invention may use, as the optical fiber 
preform, an optical fiber prefonnwhose core portion is caused to contain CI so as to yield a relative refractive Index 
difference of 0.0001 to 0.001 with respect to pure silica glass, and draw the optical fiber prefomn upon heating. 

10 [0027] When CI is contained such that the relative refractive index difference with respect to pure silica glass is at 
least 0.0001 , the optical fiberf urther lowers its fictive temperature, whereby the Rayleigh scattering Intensity can further 
be lowered. When CI is contained such that the relative refractive index difference exceeds 0.001, the Rayleigh scat- 
tering intensity is enhanced by CI itself, which cancels out the effect of lowering Rayleigh scattering intensity caused 
by the addition of CI, whereby the total transmission loss increases. Therefore, when CI is contained in the core portion 

15 such that the relative refractive index difference with respect to pure silica glass is 0.0001 to 0.001 . the optical fiber 
further lowers its fictive temperature, whereby the Rayleigh scattering Intensity can furthier be lowered. • 
[0028] The method of making an optical fiber in accordance with the present Invention may use. as the optical fiber 
prefonn, an optical fiber prefonn having a cladding portion whose part extending to the outermost periphery from a 
position where the distance from the center of the optical fiber prefomn is within the range from 0.7'to 0.9 in tenris of 

20 • the ratio with respect to the radius of the optical fiber preform is made of highly pure silica glass, and draw the optical 
fiber preform upon heating. 

[0029] As a result of the inventors' studies, it has become clear that the Rayleigh scattering intensity increases when 
the tension acting on the optical fiber upon drawing is enhanced, whereas the Rayleigh scattering intensity does not 
change when the outemnost layer of optical fiber prefomn unrelated to light transmission is made of highly pure silica 

25 glass even if the above-mentioned tension is enhanced. When the part related to light transmission is made of highly 
pure silica glass, the refractive index changes, thereby modifying characteristics of the optical- fiber. While the part 
unrelated to light transmission is a part where the distance from the center of the optical fiber preform is at least 0.7 
in tenns of the ratio with respect to the radius of optical fiber preform, the transmission loss will be greater If the part 
on the outer periphery side of the position where the distance from the center is greater than 0.9 in terms of the ratio 

30 with respect to the radius of optical fiber prefomn is made of pure silica glass since the Rayleigh scattering Intensity 
changes when the tension is made greater. Therefore, by using an optical fiber having a cladding portion whose part 
extending to the outermost periphery from a position where the distance from the center of the optical fiber prefonn is 
within the range from 0.7 to 0.9 In terms of the ratio with respect to the radius of the optical fiber preform Is made of 
highly pure silica glass, the Rayleigh scattering intensity is restrained from increasing even when a high tension acts 

35 on the optical fiber, whereby the Increase in loss can be suppressed. Here, the highly pure silica glass refers to silica 
glass whose relative refractive index difference with respect to pure silica glass in a state containing a dopant or the 
like is 0.001 or less. 

[0030] In the method of making an optical fiber in accordance with the present invention, a part of the optical fiber 
having a temperature higher than 1 700*'C before being coated with the resin may be cooled at a cooling rate of 4000*'C/ 
40 s or higher. 

[0031 ] When the part of optical fiber having a temperature higher than 1 700"C is cooled at a cooling rate of 4000**C/ 
s or higher, the height of equipment for carrying out drawing can be lowered. Since the structural relaxation of atoms 
proceeds in a very short period of time, the equilibrium state at each temperature can be maintained even when cooled 
at a cooling rate of 4000*'C/s or higher, whereby no influence is exerted upon the Rayleigh scattering intensity. 

45 [0032] In view of the above-mentioned results of studies, for achieving the above-mentioned object, the present 
invention provides an apparatus for making an optical fiber for drawing an optical fiber preform upon heating and 
coating thus drawn optical fiber with a resin; the apparatus comprising a heating furnace, disposed between a drawing 
furnace for drawing the optical fiber prefonn upon heating and a resin coating section for coating the drawn optical 
fiber with the resin, for heating the drawn optical fiber such that a segment of the optical fiber yielding a temperature 

50 difference of at least SO^'C in a part of the optical fiber attaining a temperature of 1 300 to 1 ZOO^'C is cooled at a cooling 
rate of 1 0OO^C/s or less. 

[0033] Since the segment of optical fiber yielding a temperature difference of at least SO'C in the part of optical fiber 
before being coated with a resin where the temperature ranges from 1 300 to 1 700**C is slowly cooled at a cooling rate 
of 1000**C/s or less by the heating furnace disposed between the drawing furnace and the resin coating section, the 
55 optical fiber further lowers its fictive temperature, and the disorder in atomic arrangement is reduced, whereby it is 
possible to make an optical fiber having lowered its transmission loss by reducing the Rayleigh scattering intensity 
within a very short period from the drawing upon heating to the resin coating. Also, since the Rayleigh scattering 
intensity is reduced by controlling the cooling rate of optical fiber after drawing before being coated with a resin, the 
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heat treatment for reheating such as that in the above-mentioned prior art is unnecessary, whereby the apparatus is 
quite easily applicable to the nnass production of optical fiber whose surfaces are coated with a resin. 
[0034] The apparatus for making an optical fiber in accordance with the present invention may further comprise 
atmosphere gas supplying means for supplying, as an atmosphere gas of the optical fiber within the heating furnace, 
5 an atmosphere gas having a thermal conductivity on a par with or lower than that of an atmosphere gas in the drawing 
furnace. . . 

[0035] When the atmosphere gas supplying means is further provided, the atmosphere gas of optical fiber within the 
heating furnace lowers its thermal conductivity, so that the cooling rate within the heating furnace can be lowered, 
which enables the optical fiber to further lower its transmission loss. 
"io [0036] The apparatus for making an optical fiber in accordance with the present invention may further comprise 
outside diameter measuring means for measuring the outside diameter of the optical ftoer having exited from the 
heating furnace, and control means for controlling the drawing rate. of this optical fiber according to a result of meas- 
urement by the outside diameter measuring means such that the outside diameter of the optical fiber attains a prede- 
termined value. 

IS [0037] When the control means is further provided, the outside diameter of the optical fiber in which the outer diameter 
length is in a stable state is measured, and the drawing rate of optical fiber is controlled according to thus measured 
outside diameter, whereby the drawing rate of optical fiber can appropriately be controlled. 
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Brief Description of the Drawings 
[0038] 



Fig. 1 is a schematic diagram showing a first embodiment of the apparatus and method for making an optical fiber 
in accordance with the present invention; 
25 Fig. 2 is a chart showing examples according to the first embodiment of the apparatus and method for making an 

optical fiber in accordance with the present invention, and comparative examples; 

Fig. 3 is a schematic diagram showing a modified example of the first embodiment of the apparatus and method 
for making an optical fiber in accordance with the present invention; 

Fig. 4 is a schematic diagram showing a modified example of the first embodiment of the apparatus and method 
30 for making an optical fiber in accordance with the present invention; 

Fig. 5 is a schematic diagram showing a second embodiment of the apparatus and method for making an optteal 
fiber In accordance with the present invention; 

Fig. 6 Is a chart showing examples according to the second embodiment the apparatus and method for making 
an optical fiber in accordance with the present invention, and comparative examples; 
35 Fig. 7A is a diagram showing the optical fiber preform used in an experimental example of the second embodiment 

of the apparatus and method for making an optical fiber In accordance with the present invention; 
Fig. 7B is a chart showing the refractive index of the optical fiber prefomi used in the experimental example of the 
second embodiment of the apparatus and method for making an optical fiber in accordance with the present in- 
vention; and 

40 Fig. 8 is a chart showing the relationship between the cooling rate and Rayleigh scattering coefficient of the optical 

fiber preform. 

Best iModes for Carrying Out the Invention 

^5 [0039] Embodiments of the present invention will be explained with reference to the drawings. In the explanation of 
the drawings, constituents identical to each other will be referred to with numerals or letters identical to each other 
without repeating their overiapping descriptions. 



First Embodiment 



[0040] To begin with, a first embodiment of the apparatus and method for making an optical fiber in accordance with 
the present invention will be explained. 

[0041] Adrawing apparatus 1 is. an apparatus. for drawing silica type optical fiber; and comprises a drawing furnace 
1 1 , a heating furnace 21 for annealing, and a resin curing section 31 , which are disposed in this order in the direction 
55 of drawing an optical fiber prefonm 2 (from the upper side to the lower side in Fig. 1). The optical fiber preform 2 held 
by a preform supplying apparatus (not depicted) is supplied to the drawing furnace 11 , and the lower end of the optical 
fiber prefomn 2 Is heated and softened by a heater 12 within the drawing furnace 11 , so as to draw an optical fiber 3. 
An inert gas supply passage 15 from an inert gas supply section 14 is connected to a muffle tube 13 of the drawing 
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furnace 11. so that an inert gas ^tnnosphere is attained wittiin the muffle tube 13 of drawing furnace 11. The optical 
fiber 3 drawn upon heating is rapidly cooled to about 1 700**C by the Inert gas within the muffle tube 13. Thereafter, the 
optical fiber 3 is taken out of the drawing furnace 1 1 from the lower part of the muffle tube 13. and is cooled with air 
between the drawing furnace 11 and the heating furnace 21 . As the inert gas, N2 gas can be used, for example. This 
5 Ng gas has a thermal conductivity coefficient \ (T=300K) of 26 mW/(m.K). The themnal conductivity coefficient X. (T = 
300 K) of air is 26 mW/(m-K). 

[0042] The air-cooled optical fiber 3 is sent to the heating furnace 21 . so that a predetermined segment of the optical 
fiber s is heated and then is annealed at a predetennined cooling rate. The heating furnace 21 has a muffle tube 23 
through which the optical fiber 3 passes. The muffle tube 23 is set such that its total length L2 (m) in the drawing 
10 direction of the optical fiber prefonn 2 (in the vertical direction of Fig. 1 ) satisfies: 

L2^V/B (3) 

15 where V is the drawing rate (m/s). Also, in the heating furnace 21 . the muffle tube 23 is set at a position where the 
temperature (entering temperature) of the optical fiber immediately before entering the muffle tube 23 falls within the 
range from 1 400 to 1 800*C. so as to satisfy, with respect to the drawing f umace 11. 

.L1S0.2X\^ (4) 

20 

where 

LI is the distance (m) from the lower end of heater 12 of drawing furnace 1 1 to the upper end of muffle tube 23; and 
Vis the drawing rate (m/s). The temperature of a heater 22 in the heating furnace 21 is set such that the temper- 
as ature at the furnace center (the part through which the optical fiber 3 passes) attains a temperature within the range 
from 1 200 to 1 600*»C , in particular within the range from 1 300 to 1 500<*C. 

[0043] Upon the above-mentioned setting of position and length of heating furnace 21 (muffle tube 23). the segment 
of optical fiber 3 yielding a temperature difference of at least SO^'C In the part of optical fiber 3 drawn upon heating ■ 
where the temperature ranges from 1200 to 1700*'C in the heating furnace 21 , e.g., the part where the temperature of 
30 optical fiber 3 ranges from 1 400 to 1 600'*C (the segment yielding a temperature difference of 200**C) is annealed at a 
cooling rate of 1000*'C/s or less. Here, when the temperature of furnace center is set to a temperature within the range 
from 1 300 to 1 600*'C, the section where the optical fiber 3 yields a temperature difference of at least 50'C in the part 
of optical fiber 3 drawn upon heating where the temperature ranges from 1400 to 1 600**C Is annealed at a cooling rate 
of 1000**C/s or less. 

35 [0044] Connected to the muffle tube 23 of heating furnace 21 is an N2 gas supply passage 25 from an Ng gas supply 
section 24, so that the muffle tube 23 of heating furnace 21 attains an N2 gas atmosphere therewithin. In place of N2 
gas, gases having a relatively large molecular weight such as air and Ar, and the like can be used as well. When a 
carbon heater Is employed, it Is necessary to use an inert gas as a matter of course. 

[0045] Of the optical fiber 3 having exited from the heating furnace 21 , the outside diameter is measured online by 
40 an outside diameter meter 41 acting as outside diameter measuring means, and thus measured value is fed back to 

a driving motor 43 for driving a drum 42 to rotate, such that the outside diameter is controlled so as to become constant. 

The output signal from the outside diameter meter 41 is sent to a control unit 44 acting as control means, where the 

rotating speed of drum 42 (driving motor 43) is determined by an arithmetic operation such that the outside diameter 

of optical fiber 3 attains a predetenmined value which has been set beforehand. The output signal indicative of the 
45 rotating speed of drum 42 (driving motor 43) determined by the arithmetic operation is outputted from the control unit 

44 to a driving motor driver (not depicted), whereas the driving motor driver controls the rotating speed of the driving 

motor 43 according to the output signal from the control unit 44. 

[0046] Thereafter, the optical fiber 3 is coated with a UV resin 52 by a coating die 51 , and the UV resin 52 is cured 
by a UV lamp 32 of the resin curing section 31, whereby a coated optical fiber 4 is obtained. By way of a guide roller 
50 61 , the coated optical fiber 4 is taken up by the drum 42. The drum 42 is supported by a rotary driving shaft 45, whereas 
an end part of the rotary driving shaft 45 Is connected to the driving motor 43. Here, the coating die 51 and the resin 
curing section 31 constitute the resin coating section in each claim. The resin coating section may be configured so 
as to apply a thermosetting resin, which is to be cured by a heating fumace. 

[0047] Though the inert gas supply passage 1 5 from the inert gas supply section 14 is connected to the muffle tube 
55 13 of drawing furnace 11 so that an inert gas atmosphere is attained within the muffle tube 13 of drawing furnace 11 , 
an N2 gas supply section may be provided as the Inert gas supply section 14 so as to supply N2 gas into the muffle 
tube 13 such that an N2 gas atmosphere is attained therein. When the drawing rate is low, e.g., 100 nn/min, the optical 
fiber 3 may be cooled to about 1000*»C within the drawing fumace 11 (muffle tube 13) in an He gas atmosphere. This 
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is the reason why N2 gas Is supplied into the muffle tube 13, so as to attain -an N2 gas atmosphere within the muffle 
tube 13, thereby causing the optical fiber 3 to attain a temperature of about 1700^*0 at the exit of drawing furnace 11 
{nnuffle tube 13). As a matter of course, He gas supply section and N2 gas supply section may be provided, so as to 
supply He gas and/or N2 gas into the muffle tube 13 in response to the drawing rate. 

5 [0048] Next, with reference to Fig. 2, results of experiments according to the apparatus and method for making an 
optical fiber in accordance with the first embodiment using the above-mentioned drawing apparatus 1 will be explained. 
The conditions common in these experiments are as follows. As the optical fiber preform 2, one having an outside 
diameter of 35 mm was used, and an optical fiber 3 having an outside diameter of 125 jxm was drawn from the optical 
fiber preform 2. The temperature of drawing furnace was about 2000°C at the surface of the inner periphery of the 

10 muffle tube. In the following Examples 1 to 8 and Comparative Examples 1 to 4, the surface temperature of optical 
fiber 3 is taken as the temperature of optical fiber 3. The difference between the surface temperature of optical fiber 3 
and the temperature within the optical fiber 3 is on the order of 20 to lOO^'C. The surface temperatures of the Inner 
peripheral faces (surfaces opposing the surfaces of optical fiber preform 2 and optical fiber 3) of muffle tubes 13, 23 
are taken as the temperatures of drawing furnace 11 and heating furnace 21, respectively In each of Examples 1 to 

IS 8 and Comparative Examples 1 to 4, N2 gas was used as the inert gas. 

[0049] Examples 1 to 4 are examples according to the apparatus and method for making an optical fiber in accordance 
with the above-mentioned first embodiment, whereas Comparative Examples 1 and 2 are comparative examples car- 
ried out for comparison with the examples according to the apparatus and method for making an optical fiber in ac- 
cordance with the above-mentioned first embodiment. 

20 

Example 1 

[0050] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which L1 
= 0.4 m and L2 = 0.5 m, an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 

25 pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
. temperature of heating furnace (temperature at the furnace center) were set to 4 m/s, 0.196 N (20 gf), and 1300**C, 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was ISOO'^C in tenns of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 350''C in terms of the surface temperature of optical fiber. 

30 Hence, In the heating furnace, the part attaining a temperature of 1 600 to 1 aso^'C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 2000*'C/s in a segment of 0.5 m whrch is the total length 
of heating furnace. 

[0051] As for the position of muffle tube, 0.4 < 0.8 (= 4 x 0.2), thereby satisfying the above-mentioned expression 
(4). As for the total length of muffle tube, 0.5 = 0.5 (= 4/8), thereby satisfying the above-mentioned expression (3). The 
35 transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 pjn) was 
measured and found to be 0.1 67 dB/km. 

Example 2 

40 [0052] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which L1 
= 0.4 m and L2 = 1 .0 m, an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 m/s, 0.196 N (20 gf), and 1300**C, 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 

45 temperature) was leoO^'C in temis of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 SSO^'C in terms of the surface temperature of optical fiber. 
Hence, in the heating furnace, the part attaining a temperature of 1 600 to 1 350**C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 1 000°C/s in a segment of 1 .0 m which is the total length 
of heating furnace. 

50 [0053] As for the position of muffle tube, 0.4 < 0.8 (= 4 x 0.2), thereby satisfying the above-mentioned expression 
(4). As for the total length of muffle tube, 1 .0 > 0.5 (=: 4/8), thereby satisfying the above-mentioned expression (3). The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 [im) was 
measured and found to be 0.165 dB/km. 

55 Example 3 

[0054] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
= 0.4 m and L2 = 2.0 m, an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 
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pure silica glass and a cladding|Dortion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 nn/s, 0,196 N (20 gf), and 1300*C. 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was 1600**C in \em\s of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 300"C in terms of the surface temperature of optical fiber. 
Hence, in the heating furnace, the part attaining a temperature of 1 600 to 1 SOO'^C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rale of about 600**C/s in a segment of 2.0 m which is the total length of 
heating furnace. - 

[0055] As for the position of muffle tube, 0.4 < 0.8 (= 4 x 0.2), thereby satisfying the above-mentioned expression 
(4). As forthe total length of muffle tube, 2.0 > 0.5 (= 4/8), thereby satisfying the above-mentioned expression (3). The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 jim) was 
measured and found to be 0.164 dB/km. 

J ■ ■ 4 ... . • 

Example 4 

[0056] Using a heating furnace having a muffle tube (with an Inner peripheral diameter of about 30 mm) in which L1 
= 0.6 m and L2 = 1 .0 m, an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 
pure silica glass and a cladding port:ion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 m/s, 0.196 N (20 gf), and 1300**C, 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating furriace (entering 
temperature) was 1400^C in temns of the surface temperature of optical fiber, whereas the temperatui-e of the optical 
fiber immediately after exiting from the heating furnace was 1 SOO^'C in terms of the surface temperature of optical^fiber. 
Hence, in the heating furnace, the part attaining a temperature of 1 400 to 1 SOO^'C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 250*C/s in a segment of 1 ,0 m which is the total length of 
heating furnace. 

[0057] As for the position of muffle tube, 0.8 = 0.8 (= 4 x 0.2), thereby satisfying the above-mentioned expression 
(4). As forthe total length of muffle tube, 1 .0 > 0.5 (= 4/8), thereby satisfying the above-mentioned expression (3). The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 \xxr\) was 
measured and found to be 0.1 67 dB/km. 

Comparative Example 1 

[0058] An optical fiber was drawn in a stale where the heating furnace was removed. The optical fiber prefomn to be 
drawn had a core portion made of pure silica glass and a cladding portion made of fluorine-doped glass. The drawing 
rate and the drawing tension were set to 2 to 10 m/s and 0.1 96 N (20 gf), respectively. In this case, the part of optical 
fiber attaining a temperature of 1 300 to 1 700«»C was cooled at an annealing rate of about 5000<*C/s. 
[0059] The transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 
1 .55 urn) was measured and found to be 0.1 68 dB/km. and there was no dependence on the drawing rate. 

Comparative Example 2 .. 

[0060] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
= 1 .0 m and L2 = 1 .0 m, an optical fiber was drawn. The optical fiber prefomn to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 4 m/s, 0.196 N (20 gf). and 1300*»C. 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was 1000''C in temns of the surface temperature of optical fiber 

[0061] As forthe position of muffle tube. 1 .2 > 0.8 (= 4 x 0.2), thereby failing to satisfy the above-mentioned expression 
(4). As forthe total length of muffle tube. 1 .0 > 0.5 (= 4/8). thereby satisfying the above-mentioned expression (3). The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 ^m) was 
measured and found to be 0.168 dB/km as with the transmission loss in Comparative Example 1 in which the heating 
furnace was removed. 

[0062] As in the foregoing, it has been verified that the transmission loss with respect to light having a wavelength 
of 1.55 Jim Is 0.164 to 0.167 dB/km in Examples 1 to 4, and thus can be lowered by the range of 0.001 to 0.004 dB/ 
km trom the transmission loss of 0.1 68 dB with respect to light having a wavelength of 1 .55 jim in Comparative Examples 
1 and 2. If L1 as the position of muffle tube of heating furnace is made greater than 0.8 m (so as to be distanced from 
the drawing furnace) when the drawing rate is 4 m/s. it will be harder to heat the part of optical fiber attaining a tem- 
perature of 1200 to 1700*C after drawing, so that the cooling rate in this part cannot be lowered, whereby the trans- 
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' ^l^nLu^"^) experiments were carried out while changing temperature conditions of the heating furnace (surface 
^mpera ure of mner peripheral face of muffle tube). Examples 5 and 6 are examples according to ?he apparatus and 
method for making an optical fiber in accordance with the above-mentioned first embodiment whereas Co™^^ 
Example 3 .s a comparative example carried out for comparison with the examples according tore ai^ra^us^nd 
method for making an optical fiber in accordance with the above-mentioned first embodiment «»^«^«*"« 

Examples 

[0064] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in whfch L1 
= 0.4 m and L2 = 1 .0 m. an optical fiber was drawn. The optical fiber prefonr, to be drawn had a co^e portion made of 
15 pure s.l,ca glass and a cladding portion made of fluorine-doped glass The drawing rate the draw^o tenSon ZIT^hI 
r'.^"*"' '"T^^ (temperature at the furnace center) were set to 4 m/s 0 ^96 N^O^ and ^^^^^^^^^^^ 
respectively In this case, the temperature of the optical fiber immediately before entering the heat no fSn^ (InteriS 
rbeMmml?tT T^"'' " 1"^' °' ''''''' temperature of opticalfibe, whereas'tie t^SrTS^^^^^^^ 
Henr^L h ^^ '"^^'"^ ^^''"^'^ was.1530oc in temis of the surface temperature !f optical ftoef 

Hence, in the hea ing furnace, the part attaining a temperature of 1 600 to ISSO-C in the drawn optical «berte SumPri 

heating f'u macr'"" '^'"'^ ^""^^""^ '''' °^ « ^ ^ - wSTsIhe t^t^lte^Xof 

[0065] As for the position of muffle tube, 0.4 < 0.8 (= 4 x 0 2) therebv «;ptkfx/inrith^ =>k«w^ ' 
« ,or ,he ,o,., „„s„ o, „,>*a tube. 1 0 > O S (. LllTXJ^TSZ^^l^^'Z^,^:"^ 

Example 6 

-oTrr. «nrt ri ^ iT"^ ^"'"^r ^^"""^ ^ """"'^ '""^ '''"'^ ^" P^^'P^^^^' «t,out 30 mm) in which L1 

- 0.4 m and L2 = 1.0 m, an optical fiber was drawn. The optical fiber prefomi to be drawn had a core oor^ion ITdl r>f 
pure silica glass and a cladding portion made of fluorine-doped glass The drawing raS^^e drawrno ten^ on ^iTr^l 
temperature of heating furnace (temperature at the furnace center) were set t^ J^O 96 nTo'JS and 
respectively in this case, the temperature of the optical fiber immediately before enterir^g the heat ng fS;ace drterinc; 
emperature) was 1600-C in terms of the surface temperature of optical fiber, whereas the teCra/rSe lS 
f*er Immediately after exiting from the heating furnace was 1250-C in tem,s oi the surface temXXrof lpL^fi^^^^^ 
iHence. .n the heating furnace, the part attaining a temperature of 1 600 to 1 250»C in the drawn S Ttoer iHslmed 
heating f umr.^'^' ''"^'^ ^""^^""^ '^'^ °' ^ ^^-^^ ^ ^ - ^^^^ is the rot^te^^^^^^^^ 

[0067] As for the position of muffle tube, 0.4 < 0.8 (= 4 x 0 2) therebv satisfvinr. tho =.Kr^w^ ^ 

rsrr„?rrr^„?.rr --^ ^^^^ 

•«5 Comparative Example 3 

-ITrr. y^n'^l ^ ?f '"'"^''^ ?f u ^ "'"^'^ '"''^ ^"^^'^ ^" peripheral diameter of about 30 mm) in which L1 
- 0.4 m and L2 = 1 .0 m, an optical fiber was drawn. The optical fiber prefomi to be drawn had a core Bortion mTrio Jf 
pure Silica glass and a cladding portion made of fluorine-doped glass The drawing rafrjhe dr^wrna tension TnH^ . 
temperature of heating furnace (temperature at the furnace center) were seUoTri^S o n^O 
respectively. In this case, the temperature of the optical fiber immediately before ent^na the L Jna fS .1^? ' 
temperature) was 1600-C in temis of the surface temperature of optical SbTwhereas tJ^^^^^^^^^ 

^ enceTn tSlt ' f^'f ''^""^ ^""^^^ ^ ^^^^ surface temX^rrof lp^^^^^^ 

Hence, ,n the hea mg furnace, the part attaining a temperature of 1 600 to 1 050'C in the drawn optical fberfeSumed 

Of h'::^nXacr ^^'^^^ ^""^^"-^ '^'^ °' ^^^-^^^ « -^-^-^ - whThl^he'tlt^ri' 
[00691 In Comparative Example 3. as for the position of muffle tube. 0.4 < 0.8 (= 4 x 0 2) therebv satisfvinr, th« 
above-mentioned expression (4). As for the total length of muffle tube. 1.0> 0.5 (= i/8). thereby sSfs^inglh^^^^^^^^ 
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mentioned expression (3). However, the optical fiber failed to attain a tennperature of 1 200*^0 or higher in the pari of 
heating furnace. The transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength 
of 1 .55 \im) was measured and found to be 0.1 68 dB/km as with the transmission loss in Comparative Example 1 in 
which the heating furnace was removed. 

5 [0070] As in the foregoing, It has been verified that the transmission loss with respect to light having a wavelength 
of 1.55 MJn is 0.162 to 0.167 dB/km in Examples 5 to 6, and thus can be lowered by the range of 0.001 to 0.006 dS/ 
km from the transmission loss of 0. 1 68 dS with respect to light having a wavelength of 1 .55 jim in Comparative Example 
3. When the temperature of heating furnace (surface temperature of inner peripheral face of muffle tube) is 1200*C or 
higher, as can be seen from the results of experiments, the part of optical fiber attaining a temperature of 1300 to 

10 1 yoO^'C after drawing can be heated, so that the cooling rate in this part is lowered, whereby the transmission can be 
reduced. In particular, as can be seen from Examples 2 and 5, the transmission loss can further be reduced when the 
temperature of the heating furnace (surface temperature of inner peripheral face of muffle tube) Is 1300 to 1500«C. 
[0071] ' Next, experiments were carried out while changing drawing rate conditions. Examples 7 and 8 are examples 
according to the apparatus and method for making an optical fiber in accordance with the above-mentioned first em- 

IS bodiment, whereas Comparative Example 4 is a comparative example carried out for comparison with the examples 
according to the apparatus and method for making an optical fiber in accordance with the above-mentioned first em- 
bodiment. 

Example 7 

[0072] Using a heating furnace having a muffle tube (with an Inner peripheral diameter of about 30 mm) in which L1 
= 0.8 m and L2 = 1 .0 m, an optical fiber was drawn. The optical fiber prefomn to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 8 m/s, 0.196 N (20 gf). and 1300*'C, 

25 respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was 1700°C in terms of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 550«C in terms of the surface temperature of optical fiber. 
Hence, in the heating furnace, the part attaining a temperature of 1 700 to 1650°C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 1200*C/s in a segment of 1 .0 m which is the total length 

30 of heating furnace. 

[0073] As for the position of muffle tube, 0.8 < 1 .6 (= 8 x 0.2), thereby satisfying the above-mentioned expression 
(4). As for the total length of muffle tube, 1 .0 = 1 .0 (= 8/8). thereby satisfying the above-mentioned expression (3). The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 ^m) was 
measured and found to be 0.167 dB/km. 

35 

Example 8 

[0074] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
:= 0.8 m and L2 = 2.0 m, an optical fiber was drawn. The optical fiber preform to be drawn had a core portion made of 

40 pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 8 m/s, 0.198 N (20 gO, and 1300^C. 
respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was 1700*»C in terms of the surface temperature of optical fiber, whereas the temperature of the optical 
fiber immediately after exiting from the heating furnace was 1 450^C in temns of the surface temperature of optical fiber. 

45 Hence, in the heating furnace, the part attaining a temperature of 1 700 to 1 450'»C in the drawn optical fiber is assumed 
to have been cooled at an average annealing rate of about 1000*»C/s In a segment of 2.0 m which is the total length 
of heating furnace, 

[0075] As for the position of muffle tube, 0.8 < 1 .6 (= 8 x 0.2), thereby satisfying the above-mentioned expression 
(4) . As for the total length of muffle tube, 2.0 > 1.0 (= 8/8), thereby satisfying the above-mentioned expression (3). 
50 The transmission loss of drawn optical f ber (transmission loss with respect to light having a wavelength of 1 .55 ^im) 
was measured and found to be 0.165 dB/km. 

Comparative Example 4 

55 [0076] Using a heating furnace having a muffle tube (with an inner peripheral diameter of about 30 mm) in which LI 
= 2.0 m and L2 = 1 .0 m, an optical fiber- was drawn. The optical fiber prefomi to be drawn had a core portion made of 
pure silica glass and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the 
temperature of heating furnace (temperature at the furnace center) were set to 8 m/s, 0.196 N (20 gf), and 1300'C. 
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respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace (entering 
temperature) was 1000**C in terms of the surface temperature of optical fiber. 

[0077] As for the position of muffle tube, 2.0 > 1 .6 (= B x 0.2), thereby failing to satisfy the above-mentioned expression 
(4). As for the total length of muffle tube, 1 .0 = 1 .0 (= 8/8). thereby satisfying the above-mentioned expression (3). The 
transmission loss of drawn optical fiber (transmission loss with respect to light having a wavelength of 1 .55 jim) was 
measured and found to be 0.168 dB/km as with the transmission loss in Comparative Example 1 in which the heating 
furnace was removed. 

[0078] As in the foregoing, it has been verified that the transmission loss with respect to light having a wavelength 
of 1.55 ^.m is 0.1 65 to 0.167 dB/km in Examples 7 and 8, and thus can be lowered by the range of 0.001 to 0.003 dB/ 
km from the transmission loss of 0. 1 68 dB with respect to light having a wavelength of 1 .55 \im in Comparative Example 
4. If L1 as the position of muffle tube of heating furnace is 2.0 m when the drawing rate is 8 m/s, It will be harder to 
heat the part of optical fiber attaining a temperature of 1200 to 1700''C after drawing, so that the cooling rate in this 
part cannot be lowered, whereby the transmission loss will increase. Also, even when the muffle tube of heating furnace 
is disposed at a position satisfying expression (4), if the total length of muffle tube is shorter than 1 .0 m, It will be harder 
to heat the part of drawn optical fiber attaining a temperature of 1200 to 1700*'C, so that the cooling rate in this part 
cannot be towered, whereby the transmission loss will increase. 

[0079] As can be seen from the results of experiments mentioned above, since the heating furnace 21 in which the 
optical fiber 3 drawn upon heating by the drawing fumace 11 before being coated with the UV resin 52 is heated at a 
temperature of 1200 to 1700^0 is disposed between the drawing furnace 11 and resin curing section 31 (coating die 
51) In the apparatus and method for making an optical fiber in accordance with the first embodiment, cooling rate is 
lowered in a predetermined segment in the part attaining a temperature ranging from 1200 to 1700'C In the above- 
mentioned optical fiber 3, so that the fictive temperature of optical fiber 3 decreases, thus lowering the disorder in 
atomic arrangenrient, whereby it becomes possible to make the optical fiber 3 having decreased its transmission loss 
by reducing its Rayleigh scattering intensity during the period from the drawing upon heating to the coating with the 
UV resin 52. Also, since the Rayleigh scattering intensity is reduced by controlling the cooling rate of optical fiber 3 
after, drawing before being coated with the UV resin 52, the heat treatment for reheating such as that in the above- 
mentioned prior art is unnecessary, whereby the apparatus is quite easily applicable to the mass production of the 
coated optical fiber 4 whose surface is coated with the UV resin 52 cured thereon. 

[0080] -When the optical fiber 3 drawn upon heating by the drawing furnace 11 before being coated with the UV resin 
52 is heated at a temperature of 1 300 to 1 600** C in the heating fumace 21 . the cooling rate of optical fiber 3 decreases 
at a predetemnined segment in the part of optical fiber 3 attaining a temperature of 1200 to 1 700**C, so that the optical 
fiber 3 lowers its fictive temperature, whereby its Rayleigh scattering intensity can further be reduced. 
[0081] When the position of muffle tube 23 of heating fumace 21 is located at a position satisfying the above-men- 
tioned expression (4), a predetermined segment in the part attaining a temperature of 1200 to 1700**C In the optical 
fiber 3 after being drawn upon heating in the drawing furnace 11 before being coated with the UV resin 52 can be 
heated securely, whereby the cooling rate In this part can be lowered appropriately. 

[0082] When the position of muffle tube 23 of heating fumace 21 is located at a position where the temperature 
(entering temperature) of optical fiber immediately before entering the muffle tube 23 ranges from 1400 to 1800*'C, a 
predetermined segment in the part attaining a temperature of 1200 to 1700°C in the optical fiber 3 after being drawn 
upon heating in the drawing fumace 11 before being coated with the UV resin 52 can be heated securely, whereby the 
cooling rate In this part can be lowered appropriately. 

[0083] When the total length of muffle tube 23 of heating fumace 21 satisfies the above-mentioned expression (3), 
a predetermined segment in the part attaining a temperature of 1200 to 1 700**C In the optical fiber 3 after being drawn 
upon heating in the drawing furnace 11 before being coated with the UV resin 52 can be heated securely, whereby the 
cooling rate in this part can be lowered appropriately. 

[0084] Since an N2 gas atmosphere Is attained within the muffle tube 23 of heating fumace 21 . the cooling rate within 
the heating furnace 21 (muffle tube 23) can be lowered, whereby the optical fiber 3 can further lower its transmission 
loss. When an He gas atmosphere is attained within the muffle tube 13 of drawing fumace 11 , on the other hand, the 
cooling rate of optical fiber 3 within the drawing fumace (muffle tube 13) becomes about 30000**C/s. In this case, since 
air-cooling is carried out between the drawing furnace 11 and heating fumace 21 , the cooling rate of optical fiber 3 
becomes 4000 to 5OO0'*C/s. so that the optical fiber preform 2 is softened upon heating.and Is rapidly cooled until it 
tapers down to a predetennlned diameter, whereby the optical fiber 3 can be restrained from fluctuating its outside 
diameter. When the He gas atmosphere is attained within the muffle tube 13 of drawing fumace 11 while air-cooling is 
carried out between the drawing fumace 11 and heating furnace 21 , the part of optical fiber 3 yielding a temperature 
higher than 1700**C before entering the heating furnace 21 is cooled at a cooling rate of 4000°C/s or higher, whereby 
the height of equipment needed for cooling the optical fiber 3 can be reduced. At a temperature higher than 1700'C, 
the fictive temperature will be lower than 1700**G even when rapidly cooled at a rate of about 30000**C/s, for example, 
thus exerting no influences on Rayleigh scattering. 
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[0085] Since the outside diameter meter.41 for measuring the outside diameter of optical fiber 3 having exited from 
the heating furnace 21 and the control unit 44 for controlling the rotating speed of drum 42 (driving motor 43) according 
to the output signal tronn the outside diameter meter 41 such that the outside diameter of optical fiber 3 attains a 
predetermined value are provided, the outside diameter of the optical fiber 3 having exited from the heating furnace 
5 21 with an outside diameter length in a stable state is measured, and the rotating speed of the dmrn 42 (driving motor 
43) is controlled according to this stable outside diameter, whereby the drawing rate of optical fiber 3 can be controlled 
appropriately. 

[0086] Next, with reference to Figs. 3 and 4, amodified example of the above-mentioned first embodiment will be 
explained. As shown in Fig. 3, in a drawing apparatus 1 01 for a silica type optical fiber, the heater 22 of heating furnace 
10 21 includes a first heater 71 , a second heater 72. and a third heater 73. The heaters 71 , 72, 73 are successively 
disposed in this order In the direction of drawing the optical fiber preform 2 (from the upper side to lower side in Fig. 
2). The respective temperatures of heaters 71 . 72. 73 are regulated so as to satisfy: ' 

! 

ri=72+25»C (5) 
ra= 72-25* C (6) 

20 where 

T1 is the surface temperature of inner peripheral face of muffle tube 23 at a position corresponding to the first 
heater 71; 

T2 is the surface temperature of inner peripheral face of muffle tube 23 at a position corresponding to the second 
heater 72; and 

25 T3 is the surface temperature of inner peripheral face of muffle tube 23 at a position corresponding to the third 

heater 73. Here, the difference between T1 and T2 or the difference between T2 and T3 is not limited to 25''C mentioned 
above, and the temperature difference may be about 30**C, for example. 

[0087] Thusj a temperature gradient yielding higher and lower temperatures on the drawing furnace 11 side and the 
resin coating section 31 (coating die 61) side, respectively, is provided within the muffle tube 23 of heating furnace 21 

30 when the first heater 71 , second heater 72, and third heater 73 are provided. The optical fiber 3 drawn upon heating 
in the drawing furnace 11 has such a temperature distribution that its temperature lowers from the drawing furnace 11 
side to the resin coating section 31 (coating die 51) side. Hence, when the first heater 71 . second heater 72, and third 
heater 73 having regulated their temperatures are disposed as mentioned above, the heating furnace 21 Is provided 
with such a temperature gradient that higher and lower temperatures are attained on the drawing furnace 1 1 side and 

35 the resin coating section 31 (coating die 51 ) side, respectively, so that the muffle tube 23 has a temperature distribution 
corresponding to the temperature of optical fiber 3 therewithin and appropriately keeps its temperature difference from 
the optical fiber 3, whereby the optical fiber 3 can be cooled at a further appropriate cooling rate. 
[0088] As another modified example, the heating furnace 21 may be provided integrally with the drawing furnace 11 
so as to be continuous therewith as in the drawing apparatus 201 shown in Fig, 4. When the heating furnace 21 is thus 

40 provided integrally with the drawing furnace 11 so as to be continuous therewith, the cooling rate decreases in a pre- 
determined segment in the part yielding a temperature of 1200 to 1700*'C in the optical fiber 3 after drawing upon 
heating in the drawing furnace 11 before being coated with the UV resin 52, so that the optical fiber 3 lowers its fictive 
temperature, and the disorder in atomic arrangement is reduced, whereby it is possible to make the optical fiber 3 
having lowered its transmission loss by reducing the Rayleigh scattering intensity within a very short period from the 

45 drawing upon heating to the coating with the UV resin 52. 

Second Embodiment 

[0089] Next, with reference to Fig. 5, a second embodiment of the apparatus and method for making an optical fiber 

50 in accordance with the present invention will be explained. 

[0090] A drawing apparatus 301 is a drawing apparatus for a silica type optical fiber; and comprises a drawing furnace 
11 , a heating furnace 21 for annealing, and a resin curing section 31. which are disposed in this order in the direction 
of drawing an optical fiber prefonn 2 (from the upper side to the lower side in Fig. 5). The optical fiber preform 2 held 
by a preform supplying apparatus (not depicted) is supplied to the drawing furnace 11 , and the lower end of the optical 

55 fiber prefonn 2 is heated and softened by a heater 12 within the drawing furnace 11 , so as to draw an optical fiber 3. 
He gas/N2 gas supply passage 31 5 for selectively supplying He gas or gas from He gas/N2 gas supply section 314 
is connected to a muffle tube 13 of the drawing furnace 11 , so that an He gas atmosphere or Ng gas atmosphere is 
attained within the muffle tube 13 of drawing furnace 11 . The optical fiber 3 drawn upon heating is rapidly cooled to 
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about 1 TOO-C within the muffle tube 1 3. Thereafter, the optical fiber 3 Is taken out of the drawing furnace 1 1 from the 
lower part of the muffle tube 1 3, and is cooled with air between the drawing furnace 11 and the heating furnace 21 . He 
gas has a thermal conductivity coefficient X (T=300K) of 1 50mW/(m K), gas has a thermal conductivity coefficient 
X, (T = 300 K) of 26 mW/(m • K), and air has a thermal conductivity coefficient >. 0" = 300 K) of 26 mW/(m K). 
r0091] The air-cooled optical fiber 3 Is sent to the heating furnace 21 . so that a predetermined segment of optical 
fiber 3 Is heated and then is annealed at a predetermined cooling rate. The annealing In the heating furnace 21 is 
carried out by cooling at a cooling rate of 1000°C/s or less the segment where the optical fiber 3 yields a temperature 
difference of at least 50-C In the part attaining a temperature of 1300 to 1700°C in the optical fiber 3 drawn upon 
heating In particular, it is preferred that the segment where the optical fiber 3 yields a temperature difference of at 
least 50°C in the part attaining a temperature of 1400 to 1600°C In the optical fiber 3 drawn upon heating be cooled 
at a cooling rate of 1 0OCC/s or less. Therefore, the installing positions of the heater 22 and muffle tube 23 of heating 
furnace 21 and the total length thereof in the drawing direction of optical fiber preform 2 (the vertical direction in Fig. 
5) are set in view of the drawing rate. Here, the drawing rate Is needed to be taken into consideration , since the position 
at which the optical fiber 3 attains a given temperature descends as the drawing rate increases. Also, the temperature 
- of heater 22 of heating furnace 21 is set such that the segment where the optical fiber 3 located within the muffle tube 
23 attains a temperature difference of at least 50°C is cooled at a cooling rate of 1 0OO»C/s or less. 
[00921 Connected to the muffle tube 23 of heating furnace 21 is an N2 gas supply passage 25 from an gas supply 
section 24 so that the muffle tube 23 of heating furnace 21 attains an N2 gas atmosphere therewithin. Na gas has a 
thermal conductivity lower than that of He gas. thereby acting to lower the cooling rate of optical fiber. In place of 
gas gases having a relatively large molecular weight such as air and Ar. and the like can be used as well. When a 
carbon heater is.employed, it is necessary to use an inert gas as a matter of course. 

r00931 Next with reference to Fig. 6, results of experiments according to the apparatus and method for making an 
ODtical fiber In accordance with the second embodiment using the above-mentioned drawing apparatus 301 will be 
explained The conditions common in these experiments are as follows. As the optical fiber prefonm 2, one having an 
outside diameter of 35 mm was used, and an optical fiber 3 having an outside diameter of 1 25 urn was drawn from the 
ODtical fiber preform 2. The temperature of drawing fumace was about 2000-C (though slightly changed according to 
the drawing tension) at the surface of the inner periphery of the muffle tube. In the following experimental examples 
(Examples 9 to 24), the surface temperature of optical fiber 3 is taken as the temperature of optical fiber 3. The difference 
between the surface temperature of optical fiber 3 and the temperature within the optical fiber 3 is on the order of 20 
to 1 00°C The surface temperatures of the inner peripheral faces (surfaces opposing the surfaces of optical fiber pre- 
form 2 and optical fiber 3) of muffle tubes 13. 23 are taken as the temperatures of drawing fumace 11 and heating 
furnace 21 .respectively. , ,„ , . 

100941 Examples 9 to 1 2 are examples according to the apparatus and method for making an optical fiber in accord- 
ance with the above-mentioned second embodiment, whereas Comparative Examples 5 to 7 are comparative examples 
carried out for comparison with the examples according to the apparatus and method for making an optical fiber in 
accordance with the above-mentioned second embodiment. 

Example 9 

40 100951 Using a heating fumace having a muffle tube with a total length (L2) of 2 m in the drawing direction of optical 
fiber preform (and an inner peripheral diameter of about 30mm), an optical fiber was drawn. Supplied into the drawing 
fumace (muffle tube) was gas. The optical fiber piefomti to be drawn had a core portion made of pure silica glass 
and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the temperature of 
heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/min, 0.196 N (20 

45 til) and 1 400°C respectively. In this case, the temperature of the optical fiber immediately before entenng the heating 
furnace (entering temperature) was 1700»C in temns of the surface temperature of optical fiber, whereas the temper- 
ature of the optical fiber immediately after exiting from the heating fumace was 1450»C in temns of the surface tem- 
perature of optical fiber. Hence, in the heating fumace. the part attaining a temperature of 1450 to 1700»C in the drawn 
optical fiber is assumed to have been cooled at an average cooling rate of about 250»C/s in a segment of 2 m which 

so is the total length of heating furnace. v , ^ 

r00961 The transmission loss (transmission loss with respect to light having a wavelength of 1.55 \m) of the drawn 
optical fiber was measured and found to be 0.165 dB/km, The Rayleigh scattering coefficient detemnined from the 
measured data of wavelength characteristic of transmission loss was 0.825 dBjinri*/km. 

ss Example 10 

r0097] Using a heating furnace having a muffle tube with a total length (L2) of 2 m in the drawing direction of optical 
fiber preform (and an inner peripheral diameter of about 30mm). an optteal fiber was drawn. Supplied Into the drawing 
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furnace (muffle tube) was He gas. The optical fiber preform to be drawn had a core portion made of pure silica glass 
and a cladding portion made of fliiorine-doped glass. The drawing rate, the drawing tension, and the temperature of 
heating furnace (surface temperature at the Inner peripheral face of muffle tube) were set to 400 m/min. 0.294 N {30 
gf), and 1 200°C. respectively. In this case, the temperature of the optical fiber immediately before entering the heating 

5 furnace (entering temperature) was 1550'C In terms of the surface temperature of optical fiber, whereas the temper- 
ature of the optical fiber Immediately after exiting from the healing furnace was 1300*C in temns of the surface tem- 
perature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1300 to 1550'*C in the drawn 
optical fiber is assumed to have been cooled at an average cooling rate of about 1000"C/s In a segment of 2 m which 
is the total length of heating furnace. ■ 

10 [0098] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 \jjm) of the drawn 
optical fiber was measured and found to be 0.167 dB/lcm. The Rayleigh scattering coefficient detemriined from the 
measured data of wavelength characteristic of transmission loss was 0.838 dBjim'^/km. 

Example 11 

15 

[0099] Using a heating furnace having a muffle tube with a total length (L2) of 0.5 m in the drawing direction of optical 
fiber preform (and an inner peripheral diameter of about 30 mm), an optical fiber was drawn. Supplied into the drawing 
furnace (muffle tube) was N2 gas. The optical fiber prefomi to be drawn had a core portion made of pure silica glass 
and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the temperature of 

20 heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/mih. 0.245 N (25 
gf), and 1 450**C, respectively. In this case,- the temperature of the optical fiber immediately before entering the heating 
furnace (entering. temperature) was 1550**C in temns of the surface temperature of optical fiber, whereas the temper- 
ature of the optical fiber immediately after exiting from the heating furnace was 1 500*^0 in terms of the surface tem- 
perature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1500 to 1550*C in the drawn 

25 optical fiber is assumed to have been cooied at an average cooling rate of about 250**C/s in a segment of 0.6 m which 
is the total length of heating furnace, 

[0100] The transmission loss (transmission loss with respect to light having a wavelength of 1 ,55 jim) of the drawn 
optical fiber was measured and found to be 0.166 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.838 dBjim*/km. 

30 

Example 12 

[0101] Using a heating furnace having a muffle tube with a total length (L2) of 2 m In the drawing direction of optical 
fiber preform (and an inner peripheral diameter of about 30mm). an optical fiber was drawn. Supplied into the drawing 

35 furnace (muffle tube) was N2 gas. The optical fiber prefomi to be drawn had a core portion made of pure silica glass 
and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the temperature of 
heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 30 m/min, 0.196 N (20 
gf), and 1 400*C, respectively. In this case, the temperature of the optical fiber immediately before entering the heating 
furnace (entering temperature) was 17O0''C in temns of the surface temperature of optical fiber, whereas the temper- 

40 ature of the optical fiber immediately after exiting from the heating furnace was 1420'*C in temns of the surface tem- 
perature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1420 to 1 700°C in the drawn 
optical fiber is assumed to have been cooled at an average cooling rate of about go^C/s in a segment of 2 m which Is 
the total length of heating furnace. 

[0102] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 ^m) of the drawn 
45 optical fiber was measured and found to be 0.160 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.805 dBjim^/km. 

Comparative Example 5 

so [0103] An optical fiber was drawn in a state where the heating furnace was removed. Supplied into the drawing 
furnace (muffle tube) was He gas. The optical fiber prefomi to be drawn had a core portion made of pure silica glass 
and a cladding portion made of fluorine-doped glass. The drawing rate and the drawing tension were set to 1 00 m/min 
and 0.294 N (30 gf), respecth^ely. In this case, the part attaining a temperature of 1300 to 1700**C in the optical fiber 
was cooled at an average cooling rate of about 30000°C/s. 

55 [0104] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 fim) of the drawn 
optical fiber was measured and found to be 0.175 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.88 dBM.m^/km. 
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Comparative Example 6 

[0105] An optical fiber was drawn in a state where the heating turnace was removed. Supplied Into the drawinglur- 
nace (muffle tube) was He gas. The optical fiber preform to be drawn had a core portion made of pure silica glass and 
5 a cladding portion made of fluorine-doped glass. The drawing rate and the drawing tension were set to 1 00 m/min and 
0.196 N (20 gf), respectively. In this case, the part attaining a temperature of 1300 to IZOC^C in the optical fiber was 
cooled at an average cooling rate of about 5000''C/s. 

[0106] The transmission loss (transmission loss with respect to light having a wavelength of 1.55 pjn) of the drawn 
optical fiber was measured and found to be 0.170 dB/km. The Rayleigh scattering coefficient determined from the 
10 measured data of wavelength characteristic of transmission loss was 0.85 dBp,mVl<m. 

Comparative Example 7 

[0107] Using a heating furnace having a muffle tube with a total length (L2) of 2 m in the drawing direction of optical 
IS fiber preform (and an inner peripheral diameter of about 30mm), an optical fiber was drawn. Supplied into the drawing 
furnace (muffle tube) was Ng gas. The optical fiber preform to be drawn had a core portion made of pure silica glass 
and a cladding portion made of fluorine-doped glass. The drawing rate, the drawing tension, and the temperature of 
heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 nn/min, 0.294 N (30 
gf). arid 900''C. respectively. In this case, the temperature of the optical fiber immediately before entering the heating 
20 furnace (entering temperature) was 1300**C in terms of the surface temperature of optical fiber, whereas the temper- 
ature of the optical fiber Immediately after exiting from the heating furnace was 1 000**C in temns of the surface tem- 
perature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1 000 to 1 300°C in the drawn 
optical fiber is assumed to have been cooled at an average cooling rate of about 250°C/s in a segment of 2 m which 
is the total length of heating furnace. 
25 [0108] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 |xm) of the drawn 
optical fiber was measured and found to be 0.170 dB/lcm. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.85 dSiim'^/km. 

[01 09] As in the foregoing, Examples 9 to 1 2 exhibited a Rayleigh scattering coefficient of 0.805 to 0.838 dBjim^/km 
and a transmission loss of 0.1 60 to 0.1 67 dB/km with respect to light having a wavelength of 1 .55 p.m, thus being able 
30 to lower the Rayleigh scattering coefficient and reduce the transmission loss as compared with Comparative Examples 
5 to 7 yielding a Rayleigh scattering coefficient of 0.85 to 0.88 dBp.m^/km and a transmission loss of 0.170 to 0.175 
dB/km with respect to light having a wavelength of 1 .55 |im. 

[01 10] Next, experiments were carried out under the experimental conditions of Example 9 mentioned above while 
changing the concentration of hydroxyl group contained in the core portion of optical fiber preform. Examples 13 and 
35 14. are examples of the apparatus and method for making an optical fiber in accordance with the above-mentioned 
second embodiment. 

Example 13 

40 [01 11] The core portion of the optical fiber preform to be drawn was caused to contain hydroxyl group such that the 
transmission loss by hydroxyl group absorption at a wavelength of 1.38 jxm became 0.02 dB/km. Supplied into the 
drawing furnace (muffle tube) was gas. A heating furnace having a muffle tube with a total length (L2) of 2 m (and 
an inner peripheral diameter of about 30 mm) was used, whereas the drawing rate, the drawing tension, and the 
temperature of heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/ 

45 min. 0.196 N (20 gO, and 1400**C, respectively. In this case, the temperature of the optical fiber Immediately before 
entering the heating fumace (entering temperature) was 1700*^0 in terms of the surface temperature of optical fiber, 
whereas the temperature of the optical fiber immediately after exiting from the heating furnace was 1450*'C in temns 
of the surface temperature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1450 to 
1700^*0 in the drawn optical fiber is assumed to have been cooled at an average cooling rate of about 250**C/s in a 

50 segment of 2 m which is the total length of heating furnace. 

[01 12] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 ^m) of the drawn 
optical fiber was measured and found to be 0.164 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission ioss was 0.82 dB}im^/km. 

55 Example 14 

[0113] The core portion of the optical fiber prefomi to be drawn was caused to contain hydroxyl group such that the 
transmission loss by hydroxyl group absorption at a wavelength of 1.38 ^tm became 0.5 dB/km. Supplied into the 
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drawing furnace (muffle tube) was N2 gas. A heating furnace, having a muffle tube with a total length (L2) of 2 m (and 
an inner peripheral diameter of about 30 mm) was used, whereas the drawing rate, the drawing tension, and the 
temperature of heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 nV 
min. 0.196 N (20 gf). and UOO'^C, respectively. In this case, the temperature of the optical fiber Immediately before 

5 entering the heating furnace (entering temperature) was 1700*C In terms of the surface temperature of optical fiber, 
whereas the temperature of the optical fiber immediately after exiting from the heating furnace was 1450*C in terms 
of the surface temperature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1450 to 
1700*C in the drawn optical fiber is assumed to have been cooled at an average cooling rate of about 250**C/s in a 
. segment of 2 m which is the total length of heating f umace. 

10 [0114] The transmission loss (transmission loss with respect to light having a wavelength of 1.55 \xm) of the drawn 
optical fiber was measured and found to be 0.165 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of. wavelength characteristic of transmission loss was 0.815 dB^m^/l<m. 

[0115] As in the foregoing, Examples 13 and 14 exhibited a Rayleigh scattering coefficient of 0.815 to 0.82 dB^im^/ 
l<m "and a transmission loss of 0.164 to 0.165 dB/km with respect to light having a wavelength of 1.55 ^m, thus being 

15 able to lower the Rayleigh scattering coefficient and reduce the transmission* loss as compared with Example 9 yielding 
. a Rayleigh scattering coefficient of 0.825 dBjimVkm and a transmission loss of 0.165 dB/icm with respect to light having 
a wavelength of 1 .55.jim. Though Example 14. in which hydroxyl group is contained in the core portion of the optical 
fiber preform to be drawn such that the transmission loss caused by hydroxyl group absorption at a wavelength of 1 .38 
p,m is 0.5 dB/l<m. yields a Rayleigh scattering coefficient lower than that in Example 9. the transmission loss caused 

20 by hydroxyl group absorption therein is at a level which cannot be neglected, thus canceling out the effect of lowering 
the Rayleigh scattering coefficient, whereby transmission loss will be enhanced if hydroxyl group is contained more. 
[01 16] Next, experiments were carried out under the experimental conditions of Example 9 mentioned above while 
changing the concentration of CI contained in the core portion of optical fiber prefonna. Examples 1 5 to 1 7 are examples 
of the apparatus and method for making an optical fiber in accordance with the above-mentioned second embodiment. 

25 

Example 15 

[0117] The core portion of the optical fiber prefonn to be drawn was caused to contain CI such that the relative 
refractive index difference with respect to pure silica glass became 0.0001 . Supplied into the drawing fumace (muffle 

30 tube) was N2 gas. A heating furnace having a muffle tube with a total length (L2) of 2 m (and an inner peripheral 
diameter of about 30 mm) was used, whereas the drawing rate, the drawing tension, and the temperature of heating 
fumace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/min, 0.196 N (20 gf), and 
1400**C. respectively. In this case, the temperature of the optical fiber Immediately before entering the heating furnace 
(entering temperature) was 1700*'C in terms of the surface temperature of optical fiber, whereas the temperature of 

35 the optical fiber immediately after exiting from the heating furnace was 1450*»C in terms of the surface temperature of 
optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1450 to 1700**C in the drawn optical 
fiber is assumed to have been cooled at an average cooling rate of about 260°G/s in a segment of 2 m which is the 
total length of heating furnace. 

[0118] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 jim) of the drawn 
40 optical fiber was measured and found to be 0.164 dB/km. The Rayleigh scattering coefficient detemriined from the 
measured data of wavelength characteristic of transmission loss was 0.82 dBnJTr*/km. 

Example 16 

45 [0119] The core portion of the optical fiber prefonn to be drawn was caused to contain CI such that the relative 
refractive index difference with respect to pure silica glass became 0.0005. Supplied into the drawing fumace (muffle 
tube) was gas. A heating fumace having a muffle tube with a total length (L2) of 2 m (and an inner peripheral 
diameter of about 30 mm) was used, whereas the drawing rate, the drawing tension, and the temperature of heating 
furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/min, 0.196 N (20 gf). and 

50 1400°C, respectively. In this case, the temperature of the optical fiber immediately before entering the heating furnace 
(entering temperature) was 1700^C in temris of the surface temperature of optical fiber, whereas the temperature of 
the optical fiber immediately after exiting from the heating fumace was 1450^C in terms of the surface temperature of 
optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1450 to UOO'^C in the drawn optical 
fiber is assumed to have been cooled at an average cooling rate of about 250''C/s in a segment of 2 m which is the 

55 total length of heating furnace. 

[0120] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 ^im) of the drawn 
optical fiber was measured and found to be 0.163 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.815 dBjim'^/km. 
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Example 17 

rai2n The core oortion of the optical fiber preform to be drawn was caused to contain CI such that the relative 
SSive iJLxTmerence with respect to pure silica glass became 0.001 Supplied into the drawing furnace muffle 
ubT^^as N '^^^^^^ furnace having a muffle tube with a total length (L2) of 2 m (and an inner penphera, 

H ^mX^of Ibou? 30 mm) was used, whereas the drawing rate, the drawing tension, and the temperature of heating 
f t .lace emo^SuTrat the nner peripheral face of muffle tube) were set to 100 m/min, 0.196 N (20 gf), and 
S-S ^esSlieX^^^^^^^ temperature of the optical fiber Immediately before entering the heating furnace 

LntednoTeSSe was 1 700»C in terms of the surface temperature of optical fiber, whereas the temperahire o 
(entenng f "^Pf ^^iS after exiting from the heating furnace was 1 450'C in temns of the surface temperature of 
the op .cal ^ber .r^^^^ the part attaining a temperature of 1450 to 17O0'C in the drawn optical 

fterts Assumed ShavrbeenT^^^ at an average cooling rate of about 250oc/s in a segment of 2 m which .s the 

S?iir'?l.e\ra"S^^^^^ (transmission loss with respect to light having a wavelength of 1 .55 pm) of the drawn 
Sfcal fibTw~sld and found to be 0.165 dB/km. The Rayleigh scattering coefficient determined f,cm the 
rT-^ooi iroH data of wavelenath characteristic of transmission loss was 0.825 dBjim^/km. 

raioar lstthlToreS Examples 15 to 17 exhbited a Rayleigh scattering coefficient of 0.815 to 0.825 6B^/ 
Im and a t^nsmlSo^^^^^ 0.165 dBflcm with respect to. light having a- wavelength of 1 ^55 jxm thus be.ng 

«hie to lower the Sleig^^^^^ coefficient and reduce the transmission loss as compared with Example 9 y.eld.ng 

a R«y'« 1 7 . in Xh the core portion of the optical fiber prefomi to be drawn is caused to 

LrrnCi?uc?*fth?ref^^^^ 

contain CI J®'^'^^^^^ 9 so that the decrease in Rayleigh scattering Intensity caused by the drop in 

fTcJ^rtlm^Su!; d^^^^^^^^^^ thefS and the increase inVigh scattering intensity caused by CI .se« 

^. .t ^ar-h nthP^r wherebv transmission loss will increase if CI is contained more, 
mm IT exTerime^t^^^^^^^^^^ with a higher drawing tension while the configuration of cla^ling port^^^^^ 

S c^lteal fiS; pSomi was changed. Examples 18 and 19 are examples according to the apparatus and method for 
of optical fiber P^™^ a .^.^ above-mentioned second embodiment, whereas Comparative Examples 

^ f J^^nrJ^ on^cal fiber in accordance with the above-mentioned second embodiment As shown in Figs. 7A and 
7B The 1^ 4^^^^^ tollowing experiments Is constituted by a core portion 412 made of pure 

?rlracTh/e r,^S^ n1). a first cladding portion 422 made of fluorine-doped glass (refractive md«t n2), and a 
T^.^2^^^S^zm^^ of pure silica glass (refractive Index n1 ). The first cladding portion 422 has a region 
exSntfr^rm^^^^^^^ 

35 SdSfn^rlZ 432 Sas a r^n extending from the outer periphenr of first cladding portion 422 to « radius d otner 
lrip3 hCs^^^^^^ an Lside diameter 2d. Employed In the experiments is the optical fiber 402 in which 2d = 
Smm 2 ihe seLd dadding portion 432. highlypure silica glass may be used in place of pure silica glass. 
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roi251 The oDtical fiber prefonn to be drawn had a core portion made of pure silica glass, and a cladding portion in 
whicMhe part Sd n^^^^^^^ the center of optical fiber prefom, up to a = 12.25 mm (a/d = 0.7) was made of fluorine- 
which the pan exienamg ,ro h« a - 1 2 25 mm (a/d = 0.7) or greater was made of pure silica glass. Supplied 

' t^ th'e dTwraTnare^'^^^^^^^^^ N^'gas A hea^^g f urnPce having a muffle tube with a total length (L2) of 2 

m (and a^nneVp "phe 7 abo^ut'so mm) was used for drawing an optical fiber. The dmv^ng nate. «ie 

m (ana an ime. ^ . heating furnace (surface temperature at the inner penpheral face of muffle 

drawing tension f Jo gS SUo^ respectively. In this case, the temperature of the optical fiber 

llSt'lytJfo e'en^^^^^^ 

TcTaZT^^UereiriS^^^^ of the optical fiber immediately after exiting from the heating furnace was 

I^Cn^r^so'^^su^^^^^ of optical fiber. Hence, in the heating furnace, the part ^tt^n'nS a temper- 

ISfre of r46oTo 1 700''C in the drawn optical fiber is assumed to have been cooled at an average cooling rate of about 
o^nT/B in a seament of 2 m which is the total length of heating furnace. ^ j 

fo^iS rerran^mYssk>n loss (transmission loss with respect to light having a wavelength of .55 ^xm of the drawn 
oplfcal fib^r w?s measured and found to be 0.164 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.825 dBpm /km. 



18 



SDOCID <EP 1206*49A1.I.> 



EP 1 205 449 A1 



Example 19 

[0127] The optical fiber preform to be drawn had a core portion nnade of pure silica glass, and a cladding portion in 
which the part extending from the center of optical fiber preform up to a = 15,75 mm (a/d = 0.9) was made of fluorine- 
doped glass whereas the part extending by a = 1 5.75 mm (a/d = 0.9) or greater was made of pure silica glass. Supplied 
into the drawing furnace (muffle tube) was N2 gas. A heating furnace having a muffle tube with a total length (L2) of 2 
m (and an inner peripheral diameter of about 30 mm) was used for drawing an optical fiber. The drawing rate, the 
drawing tension, and. the temperature of heating furnace (surface temperature at the inner peripheral face of muffle 
tube) were set to 1 0Om/min, 0.490N (50 gf), and 1450*»C. respectively. In this case, the temperature of the optical fiber 
immediately before entering the heating furnace (entering temperature) was 1 700°C in tenms of the surface temperature 
of optical fiber, whereas the temperature of the optical fiber immediately after exiting from the heating furnace was 
1450*»C in terms of the surface temperature of optical fiber. Hence, in the heating furnace, the part attaining a temper- 
ature of 1 450 to 1 700''C in the drawn optical fiber is assumed to have been cooled at an average cooling rate of about 
250'*C/s In a segment of 2 m which is the total length of heating furnace. 

[0128] The transmission loss (transmission loss with respect to light having a wavelength of 1.55 |im) of the drawn 
optical fiber was measured and found to be 0.166 dB/km. The Ray leigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.835 dBM.m^/km. 

> * ., • ■ • • ' *■ 

Comparative Example 8 

[0129] The optical fiber prefonn to be drawn had a core portion made of pure silica glass, and a cladding portion in 
which the part extending from the center of optical fiber prefomi up to a = 1 6.625 mm (a/d = 0.95) was made of fluorine- 
doped glass whereas the part extending by a = 16.625 mm (a/d = 0.95) or greater was made of pure silica glass. 
Supplied into the drawing furnace (muffle tube) was gas. Aheating furnace having a muffle tube with a total length 
(L2) of 2 m (and an inner peripheral diameter of about 30 mm) was used for drawing an optical fiber. The drawing rate, 
the drawing tension, and the temperature of heating furnace (surface temperature at the inner peripheral face of muffle 
tube) were set to 100 m/min, 0.490 N (50 gf), and 1450^0, respectiviely. In this case; the temperature of the optical 
fiber immediately before entering the heating furnace (entering temperature) was 1700**C in terms of the surface tem- 
perature of optical fiber, whereas the temperature of the optical fiber immediately after exiting from the heating furnace 
was 1450^*0 in terms of the surface temperature of optical fiber. Hence, in the heating furnace, the part attaining a 
temperature of 1450 to 1 700"C in the drawn optical fiber is assumed to have been cooled at an average cooling rate 
of about 250'*C/s in a segment of 2 m which is the total length of heating furnace. 

[0130] The transmission loss (transmission loss with respect to light having a wavelength of 1 .55 ^m) of the drawn 
optical fiber was measured and found to be 0.176 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.89 dBpjn^/km. 

Comparative Example 9 

[0131] The optical fiber preform to be drawn had a core portion made of pure silica glass, and a cladding portion in 
which the whole area (a = d) was made of fluorine-doped glass. A heating furnace having a muffle tube with a total 
length (L2) of 2 m (and an inner peripheral diameter of about 30 mm) was used for drawing an optical fiber. Supplied 
into the drawing furnace (muffle tube) was Ng gas. The drawing rate, the drawing tension, and the temperature of 
heating furnace (surface temperature at the inner peripheral face of muffle tube) were set to 100 m/niin, 0.490 N (50 
gf), and 1450°C, respectively. In this case, the temperature of the optical fiber immediatelybefore entering the heating 
furnace (entering temperature) was 1700^C in terms of the surface temperature of optical fiber, whereas the temper- 
ature of the optical fiber immediately after exiting from the heating furnace was 1450**C in tenms of the surface tem- 
perature of optical fiber. Hence, in the heating furnace, the part attaining a temperature of 1 450 to 1 700**C in the drawn 
optical fiber is assumed to have been cooled at an average cooling rate of about 250^*0/6 in a segment of 2 m which 
is the total length of heating furnace. 

[0132] The transmission loss (transmission loss with respect to light having a wavelength of 1.55 \xm) of the drawn 
optical fiber was measured and found to be 0.185 dB/km. The Rayleigh scattering coefficient determined from the 
measured data of wavelength characteristic of transmission loss was 0.94 dBjirnVkm. 

[0133] As in the foregoing, Examples 18 and 19 exhibited a Rayleigh scattering coefficient of 0.825 to 0.835 dBpm^/ 
km and a transmission loss of 0.164 to 0,166 dB/km with respect to light having a wavelength of 1.55 ^im as with 
Examples 9 to 12, thus being able to lower the Rayleigh scattering coefficient and reduce the transmission loss as 
compared with Comparative Examples 8 and 9 yielding a Rayleigh scattering coefficient of 0.89 to 0.94 dB^^T*/km and 
a transmission loss of 0.176 to 0.185 dB/km with respect to light having a wavelength of 1 .55 nm. 
[0134] Next, an experiment was carried out while changing the optical fiber prefomi. Example 20 is an example 
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doped silica glass, and a cladding portion made of silica glass. 



Example 20 



made of Ge-doped silica gl^s -j^^/'^^^"^^^^^ drawing tension, and the temperature 

0.785 N (80 gi}, ana i^uu • k j icnn«>r in terms of the surface temperature of optical fiber, 

1 .38 ''^°'"!!,^Ilrfth^f be^^^ If Sydroxyl group is contained such that the transmission loss caused by 
011= cancel.^ «. "^^"^^f ^;:;;;;rScl,a* ponlon 422 whose pan emending l«.r„he outer 
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doped glass, and the second cladding portion 432 whose part extending to the outer periphery from the position where 
the distance from the center of optical fiber preform 402 is within the range from 0.7 to 0.9 in tenms of the ratio (a/6) 
with respect to the radius of optical fiber prefomn 402 is made of pure silica glass, the Rayleigh scattering intensity Is 
restrained from increasing even when a high tension acts on the optical fiber 3, whereby the increase in loss can be 
suppressed. In order to prevent characteristics of the optical fiber 3 from being affected, the part where the distance 
from the center of optical fiber prefonn 402 is 0.7 or greater In terms of the ratio (a/d) with respect to the radius of 
optical fiber 402, as the part unrelated to transmission of light, is made of pure silica glass. If the part extending to the 
outer periphery from the position where the distance from the center is greater than 0.9 In terms of the ratio (a/d) with 
respect to the radius of optical fiber prefonn 402 is made of pure silica glass, the Rayleigh scattering intensity will 
change when the tension is enhanced, whereby transmission loss will increase. 

[0142] ' When the drawing rate is high, since an He gas atmosphere is attained within the muffle tube 13 of drawing 
furnace 11 , while air-cooling is carried out between the drawing furnace 11 and the heating furnace 21 i so that the part 
of optical fiber 3 attaining a temperature higher than 1700°C before entering the heating furnace 21 Is cooled at a 
cooling rate of 4000**C/s or higher, the height of equipment required for cooling the optical fiber 3 can be lowered. At 
a temperature higher than 1 700*C, the structural relaxation of atoms proceeds in a very short period of time, so that 
the equilibrium state at each temperature can be maintained even when cooled at a cobllrig rate of 4000*C/s or higher, 
whereby no influence is exerted upon the Rayleigh scattering intensity. • • ' 

Industrial Applicability 

[01 43] The apparatus and method for making an optical fiber in accordance with the present Invention can be utilized 
in a drawing apparatus for drawing an optical'fiber from an optical fiber prefomn, and the like. 



Claims 

1 . An apparatus for making an optical fiber for drawing an optical fiber prefonn upon heating and coating thus drawn 
optical fiber with a resin; said apparatus comprising: 

a heating furnace, disposed between a drawing furnace for drawing said optical fiber preform upon heating 
and a resin coating section for coating said drawn optical fiber with said resin, for heating said drawn optical 
fiber such that said optical fiber anains a temperature within the range from 1200 to 1700*'C; 
said heating furnace having a muffle tube through which said drawn optical fiber passes; 
said muffle tube being disposed at a position satisfying: 

L1<0.2XV/ 

where 

LI is the distance (m) from the lower end of a heater in the drawing furnace to the upper end of said muffle 
tube; and 

V is the drawing rate (m/s). 

2. An apparatus for making an optical fiber according to claim 1 , wherein said heating furnace heats said drawn 
optical fiber at a temperature within the range from 1200 to 1600*'C. 

3. An apparatus for making an optical fiber according to claim 1 , wherein said muffle tube is disposed at a position 
where said drawn optical fiber attains a temperature within the range from 1400 to 1800**C when entering said 
muffle tube. 

4. An apparatus for making an optical fiber according to claim 1 , wherein said muffle tube Is fomned so as to satisfy: 
where 

L2 is the total length (m) of said muffle tube; and 

V is the drawing rate (m/s). 
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5 An apparatus for making an optical fiber according to claim 1 . wherein Saidheating furnace is provided with such 

■ a temperature gradient that the drawing furnace side and the resin coating section side attain higher and lower 
temperatures, respectively. 

6. A method of making an optical fiber comprising the steps of drawing an optical fiber prefonn upon heating and 
coating thus drawn optical fiber with a resin; ^ w ^ 

wherein a segment of said optical fiber yielding a temperature difference of at least 50»C in a part where 
said optical fiber before being coated with said resin attains a temperature of 1 300 to 1 700°C is cooled at a cooling 
rate of 1 000°C/s or lower. 

7 A method of making an optical fiber according to claim 6. wherein an optical fiber preform having a core portion 
' exhibiting a relative refractive index differenceof 0.001 or less with respect to pure silica glass in a state containing 

a dopant is employed as saidoptical fiber preform; and 

wherein said optical fiber preform is drawn upon heating. 

8 A method of making an optical fiber according to claim 7, wherein an optical fiber prefomn whose core portion is 

■ caused to contain hydroxyl group so as to yield a transmission loss of 0.02 to 0.5 dB/km due to hydroxyl group 
absorption at a wavelength of 1 .38 urn is employed as said optical fiber prefomn; and 

wherein said optical fiber pref omi is drawn upon heating. 

g A method of making an optical fiber according to claim 7. wherein an optical fiber preform whose core portion is 
caused to contain CI so as to yield a relative refractive index difference of 0.0001 to 0.001 with respect to pure 
silica glass is employed as said optical fiber preform; and 

wherein said optical fiber preform is drawn upon heating. 

A method of making an optical fiber according to claim 7. wherein an optical fiber preform having a cladding portion 
whose part extending to the outermost periphery from a position where the distance from the center of said optical 
fiber preform is within the range from 0.7 to 0.9 in terms of the ratio with respect to the radius of said optical fiber 
preform is made of highly pure silica glass is employed as said optical fiber prefomn; and 
wherein said optical fiber preform Is drawn upon heating. 

A method of making an optical fiber according to claim 7. wherein a part of said optical fiber having a temperature 
higher than 1 700°C before being coated with said resin is cooled at a cooling rate of 4O0O°C/s or higher. 

12. An apparatus for making an optical fiber for drawing an optical fiber preform upon heating and coating thus drawn 
optical fiber with a resin; said apparatus comprising: 

a heating furnace, disposed between a drawing furnace for drawing said optical fiber preform upon heating 
and a resin coating section for coating said drawn optical fiber with said resin, for heating said drawn optical 
fiber such that a segment of said optical fiber yielding a temperature difference of at least 50»C in a part of 
said optical fiber attaining a temperature of 1300 to 1 700»C is cooled at a cooling rate of 1000»C/s or less. 

13 An apparatus for making an optical fiber according to claim 12. further comprising atmosphere gas supplying 
" means for supplying, as an atmosphere gas of said optical fiber within said heating furnace, an atmosphere gas 
having a thermal conductivity on a par with or lower than that of an atmosphere gas In said drawing furnace. 

14. An apparatus for making an optical fiber according to claim 12. further comprising: 

outside diametermeasurlng means for measuring the outside diameter of said optical fiber having exited from 

said heating furnace; and . w 

control means for controlling the drawing rate of said optical fiber according to a result of measurement by 
said outside diameter measuring means such that the outside diameter of said optical fiber attains a prede- 
tenmined value. 
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Fig, 7 A 
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